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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The crystalline measuring method which measures the grain size of the crystal 
concerned from the area of the line which is the approach of measuring the crystallinity of a 
crystal using UV spectroscopy, asks for two pole dots or point of inflection depending on the 
grain size of the crystal in the surface reflectance spectrum curve of the measured body, and 
connects the point concerned or the line which connects the point near [ concerned ] the point, 
and the above-mentioned spectrum curve to surround. 

[Claim 2] The crystalline measuring method which measures the grain size of the crystal 
concerned from the height of the perpendicular which took down to the line which is the 
approach of measuring the crystallinity of a crystal using UV spectroscopy, asks for two pole 
dots or the point of inflection depending on the grain size of the crystal in the surface reflectance 
spectrum curve of the measured body, and connects this point of this describing above from the 
maximum point of the above-mentioned spectrum curve between the points concerned, or the 
line which connects the point near [ concerned ] the point. 
DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the crystalline measuring method of covalent-bond semiconducting 
crystals, such as Si, germanium, C, SiC, and GaAs. In the industrial field treating for example, Si 
crystal, for example, the semi-conductor field, this invention can be used in order to measure the 
crystallinity of PolySi (polycrystalline silicon), and the crystallinity of Si substrate front face. 
[Summary of the Invention] 

This invention asks for two pole dots or point of inflection depending on the grain size of the 



crystal in the surface reflectance spectrum curve of the measured body. The area of the line 
which connects the point concerned or the line which connects the point near [ concerned ] the 
point, and the above-mentioned spectrum curve to surround, Or by measuring the grain size of 
the crystal concerned from the height of the perpendicular taken down from the maximum point 
of the above-mentioned spectrum curve between the points concerned to the line which connects 
the point concerned, or the line which connects the point near [ concerned ] the point It is related 
with the crystalline measuring method with which long duration was conventionally required and 
measurement within a process moreover also enabled in-line measurement [ in / for the difficult 
crystalline measurement / a semi-conductor process etc. ] simple. 
[Description of the Prior Art] 

Conventionally, it was difficult to measure promptly simple the crystallinity, especially its 
crystal grain size about the crystal Si used in various fields. Especially the thing for which the 
grain size of a crystal is measured in this process in the production process which uses Crystal Si 
as ingredient is not performed. 

For example, although PolySi was used in many fields in various electron devices, to have been 
possible for the monitor in the automatic production process of PolySi was not made into the 
object of an in process monitor until now, in spite of having been thickness, a refractive index, 
and dust extent, and the grain size's having been important on the property of the versatility of 
PolySi and having been an important factor when using especially PolySi as a resistor or a thin 
film transistor. This is because measurement of the grain size of PolySi was conventionally 
performed using TEM. That is, it is because it is necessary to measure the size of each grain 
using a transmission electron microscope in measurement by TEM so, and test portion 
production of thin-film-izing a sample takes long duration and cost moreover becomes high, 
although the crystallinity of Si substrate front face is an important factor on the property 
similarly and the measurement by the RBS approach is possible, when [ moreover, ] the 
measuring time becomes long as for the RBS approach ~ surface **** ~ it has the fault that the 
measurement in the thin range (for example, the range of 100A or less) is difficult. 
[Problem(s) to be Solved by the Invention] 

As mentioned above, each conventional measuring method is complicated, and requires a long 
time, therefore has the problem of being inapplicable to the monitor of the GURAIN size for 
example, in semi-conductor manufacture process in-line. 



The object of this invention is to offer the crystalline measuring method which also made it 
possible to solve this problem, to be easy actuation, to be a short time and low cost, and to be 
able to measure that crystallinity simple by moreover getting to know the grain size of a crystal 
in the condition of not destroying, and to perform this measurement in an in process into 
[ various ] a process. 

[Technical means which solve a problem] 

The measuring method of Si crystallinity concerning this invention, for example Measure the 
crystallinity of Si crystal using UV spectroscopy, and it asks for two pole dots or point of 
inflection depending on the grain size of Si crystal in the surface reflectance spectrum curve of 
the measured body. The area of the line which connects the point concerned or the line which 
connects the point near [ concerned ] the point, and the above-mentioned spectrum curve to 
surround, Or the problem of the above-mentioned conventional technique is solved by taking the 
technical means which measure the grain size of the Si crystal concerned from the height of the 
perpendicular taken down from the maximum point of the above-mentioned spectrum curve 
between the points concerned to the line which connects the point concerned, or the line which 
connects the point near [ concerned ] the point. 

In the surface reflectance spectrum curve of the measured body at the time of using UV 
spectroscopy, the spectrum configuration in 235nm and 330nm usually corresponds to the grain 
size of Si crystal. That is, a 270-280nm peak expresses the crystallinity of Si crystal, especially 
Poly Si, and the minimum or point of inflection appears in 235nm and near 330nm these both 
sides. Therefore, the height of the perpendicular taken down from the maximum point of the area 
which the line which connects this two pole dots or point of inflection, and a spectrum curve 
surround, or the spectrum curve between two points to the line which connects two points serves 
as data corresponding to the peak showing the crystallinity of the above-mentioned Si crystal. 
Therefore, the grain size of Si crystal can be known using this, and, thereby, Si crystallinity can 
be measured. The height of the area which this tangent and the above-mentioned spectrum curve 
at the time of drawing a tangent so that the above-mentioned pole dot or point of inflection may 
not be connected directly, for example, it may touch near the pole dot concerned or the point of 
inflection surround, or the perpendicular taken down from the maximum point of the spectrum 
curve between two points to the tangent can also be used as a thing showing grain size. Thus, a 
contact can be used, and also you may find the height of the perpendicular taken down from the 



maximum point of the spectrum curve between the points which connect the above-mentioned 
pole dot, point of inflection, and a point with relation, and have the area of it and a spectrum 
curve to surround, or its relation to it, and you may also consider as the data related to grain size 
similarly (such an area is called peak area below and the height of such a perpendicular is called 
peak height). 

[Function of the Invention] 

As mentioned above, according to the measuring method of this invention, the data which 
express grain size with the surface reflective ultraviolet spectroscopy spectrum of the measured 
body are obtained. If the surface reflectance spectrum of a proper is obtained in each grain size 
and the data of the above-mentioned area about each grain size or the above-mentioned height 
are investigated about what followed, for example, measured grain size to accuracy beforehand 
by TEM, the grain size of the crystal of the measured body can be known by carrying out the 
comparison response of this and the data obtained by the above-mentioned location survey. 
Since what is necessary is just according to this measuring method to measure the surface 
reflectance spectrum of the measured body although required data are obtained, moreover, 
measurement can be done simple for a short time, and, moreover, the measured body can be 
measured by un-destroying. For this reason, this invention can be used also as an in-line 
crystalline measuring method, and can also be applied as an in process monitor. 
[Example] 

Hereafter, one example of this invention is described. However, although it is natural, this 
invention is not limited only to the example described below. 

This example applies this invention to the approach of measuring the grain size of PolySi using 
an ultraviolet reflectance spectrum. Specifically, the surface reflectance spectrum was measured 
using the spectrophotometer of the light. 

According to the approach of this example, since relation like a degree type is realized between 
grain size (R) and a reflective peak area (A), grain size can be measured using this. This formula 
is obtained [ size / its / each / the grain size measured beforehand and / grain ] by TEM based on 
the data about the reflective peak area of the proper measured beforehand about the sample of 
some [ the conditions described below ]. 

A=27xlog(R)-20 (however, peak area when A sets single crystal silicon to 100) 
Hereafter, progress of an experiment is shown [ which came to draw this formula ]. 



Drawing 1 shows typical reflectance spectrum curvilinear (b) of PolySi deposited and formed on 
the quartz. The thickness of this PolySi is 800A and deposition temperature is 610 degrees C. In 
addition, at the time of reflectance spectrum measurement, the scan speed was made into 
medium speed and the slit was measured as 2.0nm (it is below the same). 
Drawing 2 is graph (b) which shows the reflectance spectrum in the case of the sample which 
carried out the ion implantation of Si+ to PolySi of drawing 1 on condition that 40keV(s) and 
lxl015cm-2, and it annealed for 15 hours and was obtained at 600 degrees C. The peak which 
appears in the range of 270-280nm in this is a peak wave showing the crystallinity of PolySi. In 
addition, the spectrum 400nm or more expresses the interference property between PolySi and a 
quartz, and this is a wave showing relation with thickness. By the comparison with drawing 1 
and drawing 2 , the direction of the sample of drawing 2 which performed Si+ ion implantation 
and annealing becomes what has a high peak so that clearly. Thus, area in case a spectrum is a 
peak was computed, and the correlation was investigated between the grain sizes of PolySi 
beforehand measured by TEM. 

First, four kinds of things as follows were used as a sample for measurement. 

a. Single crystal Si. 

b. PolySi with a thousands of A grain. 

(PolySi which carried out the ion implantation of Si+ and annealed at 600 degrees C for 15 
hours) 

c. PolySi with several 100A grain. 

(PolySi which doped As (in addition, this PolySi is deposited at 610 degrees C, and is annealed 
at 600 degrees C for 15 hours)) 

d. PolySi with the grain of 10 or less A (AmorphopusSi) 
(Si+ ion implantation is carried out to PolySi, and it measures) 

About the sample for each measurement of said a-d, curvilinear A-D respectively shown in Figs. 
3-6 measures within the limits of 200nm - 400nm, and plots between 50 - 100% of reflection 
factors, respectively. 

Like a graphic display, the spectrum curves A and B of drawing 3 (single crystal Si) and drawing 
4 (PolySi with a thousands of A grain) have the minimum 235nm and near 330nm, and a peak 
produces them in 270-280nm during this period. Near 330nm, the spectrum curve c of drawing 5 
(PolySi with a hundreds of A grain) does not take the minimum, but has become point of 



inflection, and has become what also has the minimum close to point of inflection near 235nm. 
However, a peak is looked at by 270-280nm of the meantime. On the other hand, in the case of 
the spectrum curve D of the amorphous silicon of dra wing 6 , the above-mentioned minimum 
and a peak are not seen any longer. 

In this example, the area of the peak formed in an epilogue and there in a straight line about these 
spectrums in a pole dot (240nm and 340nm) (or point of inflection) was computed. However, in 
this example, the tangent was drawn on the spectrum curve so that it might specifically touch 
near [ two ] a pole dot (point of inflection) like a graphic display, and it had the area of this 
tangent and a spectrum curve to surround, and considered as the peak area. That is, the contact 
near [ above-mentioned ] a pole dot (point of inflection) is used as two points which draw the 
straight line for obtaining a peak area. 

Moreover, in this example, a peak area can also be approximated with the easy peak height of 
calculation. The height of the perpendicular taken down from the peak of a spectrum curve to the 
tangent which touches near [ two ] a pole dot (point of inflection) is used for this peak height. 
Such a perpendicular is shown in Figs. 3 thru/or 5 by sign Pa-Pc. 
Furthermore, although the accuracy of measurement is gone down a little, it can also 
approximate also with the die length by the intersection with the tangent which touches near 
[ two ] the pole dot (point of inflection) of the line vertically drawn from the peak of a spectrum 
curve. 

Graph I-IV of drawing 7 shows the result of having plotted the peak area for every 
aforementioned sample, and the grain size beforehand measured by TEM. Since width of face is 
in distribution of grain size in measurement of TEM, graph I-IV also has width of face in the size 
direction. From this result, Graph V is obtained as a calibration curve and the formula of the 
future above-mentioned is drawn. Therefore, if it asks for the reflective ultraviolet spectrum of 
the measured body on the same conditions as this formula led and asks for the above-mentioned 
peak area, by this formula, the grain size of a crystal can be known and, thereby, the Si 
crystallinity of the measured body can be measured. In addition, by measurement by TEM, since 
size appears in distribution of grain size, it is thought that the grain size obtained by this formula 
serves as an average value. Moreover, since a difference cannot be found out between the peak 
area of PolySi which has a grain 2.0 micrometers or more, and it of a single crystal Si, the 
approach of this example is effective only about a grain 20 micrometers or less. However, since 



PolySi of several 10 - 1000A of numbers is usually most, there is no inconvenience. In addition, 
as mentioned above, even if it uses a peak height or the die length of a perpendicular instead of 
the peak area of drawing 7 , the Si crystallinity of the measured body can be measured similarly. 
In addition, this approach is applicable also as a part of analysis of surface crystals, such as a 
single crystal Si front face which carried out the ion implantation of Si+ other than PolySi. 
Moreover, even if it measures germanium and the reflectance spectrum of As other than Si, a 
peak is seen 280nm and near 250nm, and crystallinity can be measured like Si, respectively. 
Furthermore, this approach is applicable also to assessment of not only an above-mentioned 
thing but the germanium and GaAs which can measure similarly since it has a peak by this 
ultraviolet area if it is a covalent-bond semi-conductor, and were mentioned above, **, C and 
SiC(s), or those polycrystalline substance etc. 
[Effect of the Invention] 

As mentioned above, the crystalline measuring method of this invention is easy actuation, are a 
short time and low cost, and, moreover, can measure crystallinity in the condition of not 
destroying. 

Therefore, this invention is effective also in it being possible to take shape as an in-line 
measuring method in the in process in the production process of a semi-conductor etc. 
TECHNICAL FIELD 

[Industrial Application] 

This invention relates to the crystalline measuring method of covalent-bond semiconducting 
crystals, such as Si, germanium, C, SiC, and GaAs. In the industrial field treating for example, Si 
crystal, for example, the semi-conductor field, this invention can be used in order to measure the 
crystallinity of PolySi (polycrystalline silicon), and the crystallinity of Si substrate front face. 
[Summary of the Invention] 

This invention asks for two pole dots or point of inflection depending on the grain size of the 
crystal in the surface reflectance spectrum curve of the measured body. The area of the line 
which connects the point concerned or the line which connects the point near [ concerned ] the 
point, and the above-mentioned spectrum curve to surround, Or by measuring the grain size of 
the crystal concerned from the height of the perpendicular taken down from the maximum point 
of the above-mentioned spectrum curve between the points concerned to the line which connects 
the point concerned, or the line which connects the point near [ concerned ] the point It is related 



with the crystalline measuring method with which long duration was conventionally required and 
measurement within a process moreover also enabled in-line measurement [ in / for the difficult 
crystalline measurement / a semi-conductor process etc. ] simple. 
PRIOR ART 

[Description of the Prior Art] 

Conventionally, it was difficult to measure promptly simple the crystallinity, especially its 
crystal grain size about the crystal Si used in various fields. Especially the thing for which the 
grain size of a crystal is measured in this process in the production process which uses Crystal Si 
as ingredient is not performed. 

For example, although PolySi was used in many fields in various electron devices, to have been 
possible for the monitor in the automatic production process of PolySi was not made into the 
object of an in process monitor until now, in spite of having been thickness, a refractive index, 
and dust extent, and the grain size's having been important on the property of the versatility of 
PolySi and having been an important factor when using especially PolySi as a resistor or a thin 
film transistor. This is because measurement of the grain size of PolySi was conventionally 
performed using TEM. That is, it is because it is necessary to measure the size of each grain 
using a transmission electron microscope in measurement by TEM so, and test portion 
production of thin-film-izing a sample takes long duration and cost moreover becomes high, 
although the crystallinity of Si substrate front face is an important factor on the property 
similarly and the measurement by the RBS approach is possible, when [ moreover, ] the 
measuring time becomes long as for the RBS approach ~ surface ****-- it has the fault that the 
measurement in the thin range (for example, the range of 100A or less) is difficult. 
EFFECT OF THE INVENTION 



[Effect of the Invention] 

As mentioned above, the crystalline measuring method of this invention is easy actuation, are a 
short time and low cost, and, moreover, can measure crystallinity in the condition of not 
destroying. 

Therefore, this invention is effective also in it being possible to take shape as an in-line 
measuring method in the in process in the production process of a semi-conductor etc. 
TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] 

As mentioned above, each conventional measuring method is complicated, and requires a long 
time, therefore has the problem of being inapplicable to the monitor of the GURAIN size for 
example, in semi-conductor manufacture process in-line. 

The object of this invention is to offer the crystalline measuring method which also made it 
possible to solve this problem, to be easy actuation, to be a short time and low cost, and to be 



able to measure that crystallinity simple by moreover getting to know the grain size of a crystal 
in the condition of not destroying, and to perform this measurement in an in process into 
[various ] a process. 
MEANS 

[Technical means which solve a problem] 

The measuring method of Si crystallinity concerning this invention, for example Measure the 
crystallinity of Si crystal using UV spectroscopy, and it asks for two pole dots or point of 
inflection depending on the grain size of Si crystal in the surface reflectance spectrum curve of 
the measured body. The area of the line which connects the point concerned or the line which 
connects the point near [ concerned ] the point, and the above-mentioned spectrum curve to 
surround, Or the problem of the above-mentioned conventional technique is solved by taking the 
technical means which measure the grain size of the Si crystal concerned from the height of the 
perpendicular taken down from the maximum point of the above-mentioned spectrum curve 
between the points concerned to the line which connects the point concerned, or the line which 
connects the point near [ concerned ] the point. 

In the surface reflectance spectrum curve of the measured body at the time of using UV 
spectroscopy, the spectrum configuration in 235nm and 330nm usually corresponds to the grain 
size of Si crystal. That is, a 270-280nm peak expresses the crystallinity of Si crystal, especially 
Poly Si, and the minimum or point of inflection appears in 235nm and near 330nm these both 
sides. Therefore, the height of the perpendicular taken down from the maximum point of the area 
which the line which connects this two pole dots or point of inflection, and a spectrum curve 
surround, or the spectrum curve between two points to the line which connects two points serves 
as data corresponding to the peak showing the crystallinity of the above-mentioned Si crystal. 
Therefore, the grain size of Si crystal can be known using this, and, thereby, Si crystallinity can 
be measured. The height of the area which this tangent and the above-mentioned spectrum curve 
at the time of drawing a tangent so that the above-mentioned pole dot or point of inflection may 
not be connected directly, for example, it may touch near the pole dot concerned or the point of 
inflection surround, or the perpendicular taken down from the maximum point of the spectrum 
curve between two points to the tangent can also be used as a thing showing grain size. Thus, a 
contact can be used, and also you may find the height of the perpendicular taken down from the 
maximum point of the spectrum curve between the points which connect the above-mentioned 



pole dot, point of inflection, and a point with relation, and have the area of it and a spectrum 
curve to surround, or its relation to it, and you may also consider as the data related to grain size 
similarly (such an area is called peak area below and the height of such a perpendicular is called 
peak height). 
OPERATION 

*>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>^ 

[Function of the Invention] 

As mentioned above, according to the measuring method of this invention, the data which 
express grain size with the surface reflective ultraviolet spectroscopy spectrum of the measured 
body are obtained. If the surface reflectance spectrum of a proper is obtained in each grain size 
and the data of the above-mentioned area about each grain size or the above-mentioned height 
are investigated about what followed, for example, measured grain size to accuracy beforehand 
by TEM, the grain size of the crystal of the measured body can be known by carrying out the 
comparison response of this and the data obtained by the above-mentioned location survey. 
Since what is necessary is just according to this measuring method to measure the surface 
reflectance spectrum of the measured body although required data are obtained, moreover, 
measurement can be done simple for a short time, and, moreover, the measured body can be 
measured by un-destroying. For this reason, this invention can be used also as an in-line 
crystalline measuring method, and can also be applied as an in process monitor. 
EXAMPLE 

[Example] 

Hereafter, one example of this invention is described. However, although it is natural, this 
invention is not limited only to the example described below. 

This example applies this invention to the approach of measuring the grain size of PolySi using 
an ultraviolet reflectance spectrum. Specifically, the surface reflectance spectrum was measured 
using the spectrophotometer of the light. 

According to the approach of this example, since relation like a degree type is realized between 
grain size (R) and a reflective peak area (A), grain size can be measured using this. This formula 
is obtained [ size / its / each / the grain size measured beforehand and / grain ] by TEM based on 
the data about the reflective peak area of the proper measured beforehand about the sample of 
some [ the conditions described below ]. 



A=27xlog(R)-20 (however, peak area when A sets single crystal silicon to 100) 
Hereafter, progress of an experiment is shown [ which came to draw this formula ]. 
Drawing 1 shows typical reflectance spectrum curvilinear (b) of PolySi deposited and formed on 
the quartz. The thickness of this PolySi is 800A and deposition temperature is 610 degrees C. In 
addition, at the time of reflectance spectrum measurement, the scan speed was made into 
medium speed and the slit was measured as 2.0nm (it is below the same). 
Drawing 2 is graph (b) which shows the reflectance spectrum in the case of the sample which 
carried out the ion implantation of Si+ to PolySi of drawing 1 on condition that 40keV(s) and 
lxl015cm-2, and it annealed for 15 hours and was obtained at 600 degrees C. The peak which 
appears in the range of 270-280nm in this is a peak wave showing the crystallinity of PolySi. In 
addition, the spectrum 400nm or more expresses the interference property between PolySi and a 
quartz, and this is a wave showing relation with thickness. By the comparison with drawing 1 
and drawing 2 , the direction of the sample of drawing 2 which performed Si+ ion implantation 
and annealing becomes what has a high peak so that clearly. Thus, area in case a spectrum is a 
peak was computed, and the correlation was investigated between the grain sizes of PolySi 
beforehand measured by TEM. 

First, four kinds of things as follows were used as a sample for measurement. 

a. Single crystal Si. 

b. PolySi with a thousands of A grain. 

(PolySi which carried out the ion implantation of Si+ and annealed at 600 degrees C for 15 
hours) 

c. PolySi with several 100A grain. 

(PolySi which doped As (in addition, this PolySi is deposited at 610 degrees C, and is annealed 
at 600 degrees C for 15 hours)) 

d. PolySi with the grain of 10 or less A (AmorphopusSi) 
(Si+ ion implantation is carried out to PolySi, and it measures) 

About the sample for each measurement of said a-d, curvilinear A-D respectively shown in Figs^ 
3-6 measures within the limits of 200nm - 400nm, and plots between 50 - 100% of reflection 
factors, respectively. 

Like a graphic display, the spectrum curves A and B of drawing 3 (single crystal Si) and drawing 
4 (PolySi with a thousands of A grain) have the minimum 235nm and near 330nm, and a peak 



produces them in 270-280nm during this period. Near 330nm, the spectrum curve c of drawing 5 
(PolySi with a hundreds of A grain) does not take the minimum, but has become point of 
inflection, and has become what also has the minimum close to point of inflection near 235nm. 
However, a peak is looked at by 270-280nm of the meantime. On the other hand, in the case of 
the spectrum curve D of the amorphous silicon of drawing 6 , the above-mentioned minimum 
and a peak are not seen any longer. 

In this example, the area of the peak formed in an epilogue and there in a straight line about these 
spectrums in a pole dot (240nm and 340nm) (or point of inflection) was computed. However, in 
this example, the tangent was drawn on the spectrum curve so that it might specifically touch 
near [ two ] a pole dot (point of inflection) like a graphic display, and it had the area of this 
tangent and a spectrum curve to surround, and considered as the peak area. That is, the contact 
near [ above-mentioned ] a pole dot (point of inflection) is used as two points which draw the 
straight line for obtaining a peak area. 

Moreover, in this example, a peak area can also be approximated with the easy peak height of 
calculation. The height of the perpendicular taken down from the peak of a spectrum curve to the 
tangent which touches near [ two ] a pole dot (point of inflection) is used for this peak height. 
Such a perpendicular is shown in Figs. 3 thru/or 5 by sign Pa-Pc. 
Furthermore, although the accuracy of measurement is gone down a little, it can also 
approximate also with the die length by the intersection with the tangent which touches near 
[ two ] the pole dot (point of inflection) of the line vertically drawn from the peak of a spectrum 
curve. 

Graph I-IV of drawing 7 shows the result of having plotted the peak area for every 
aforementioned sample, and the grain size beforehand measured by TEM. Since width of face is 
in distribution of grain size in measurement of TEM, graph I-IV also has width of face in the size 
direction. From this result, Graph V is obtained as a calibration curve and the formula of the 
future above-mentioned is drawn. Therefore, if it asks for the reflective ultraviolet spectrum of 
the measured body on the same conditions as this formula led and asks for the above-mentioned 
peak area, by this formula, the grain size of a crystal can be known and, thereby, the Si 
crystallinity of the measured body can be measured. In addition, by measurement by TEM, since 
size appears in distribution of grain size, it is thought that the grain size obtained by this formula 
serves as an average value. Moreover, since a difference cannot be found out between the peak 



area of PolySi which has a grain 2.0 micrometers or more, and it of a single crystal Si, the 
approach of this example is effective only about a grain 20 micrometers or less. However, since 
PolySi of several 10 - 1000A of numbers is usually most, there is no inconvenience. In addition, 
as mentioned above, even if it uses a peak height or the die length of a perpendicular instead of 
the peak area of drawing 7 , the Si crystallinity of the measured body can be measured similarly. 
In addition, this approach is applicable also as a part of analysis of surface crystals, such as a 
single crystal Si front face which carried out the ion implantation of Si+ other than PolySi. 
Moreover, even if it measures germanium and the reflectance spectrum of As other than Si, a 
peak is seen 280nm and near 250nm, and crystallinity can be measured like Si, respectively. 
Furthermore, this approach is applicable also to assessment of not only an above-mentioned 
thing but the germanium and GaAs which can measure similarly since it has a peak by this 
ultraviolet area if it is a covalent-bond semi-conductor, and were mentioned above, **, C and 
SiC(s), or those polycrystalline substance etc. 
DESCRIPTION OF DRAWINGS 

vvv>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>^^ 

[Brief Description of the Drawings] 

The graph with which drawing 1 shows the reflectance spectrum on [ PolySi ] a quartz, and 
drawing 2 to PolySi of drawing 1 Si+ ion implantation, The graph which shows the reflectance 
spectrum of the sample which performed annealing, the graph with which drawing 3 shows the 
reflectance spectrum of a single crystal Si, The graph which shows the reflectance spectrum of 
PolySi in which drawing 4 has a thousands of A grain, The graph which shows the reflectance 
spectrum of PolySi in which drawing 5 has a hundreds of A grain, the graph which shows the 
reflectance spectrum of PolySi in which drawing 6 has a grain 10A or less, and drawing 7 are 
graphs which show the relation between grain size and a peak area, 
(b), (b), A-D -- Spectrum curve. 
Drawing 1 
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Drawing 5 



WO T 



tTOO 



75 - 



1 



(•/.) 



50 




-75 



50 



400 



As depo*poly Si« ift'fr 



Drawing 6 




Drawing 7 
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(57) Abstract : 

PURPOSE: To measure the grain size of crystal on the surface of a sample 
from the area determined by a line connecting two minimal points, 
inflection points, or nearby points depending upon the crystal grain 
size on the surface reflection spectrum curve of the sample and the 
spectrum curve, or the height of a perpendicular from a maximal point 
between them. 

CONSTITUTION: The surface reflection spectrum curve of Si single crystal 
when an ultraviolet spectral method is used corresponds to the size of a 
crystal grain normally between 235 and 330nm and indicates the crystal 
of poly-Si at a peak of 270W280nm and a minimal or inflection point 
appears almost between 235 and 330nm on both sides of the peak. The area 
surrounded with the line connecting said two points and spectrum curve 



or height of the perpendicular from the maximal point of the curve is 
information corresponding to the peak where the crystalline property of 
the Si crystal is obtained, and this is used to measure the size and 
crystalline property of a crystal grain. Further, a tangent drawn nearby 
the minimal point and inflection point can be utilized. The information 
is compared with prepared information to judge the size of the crystal 
grain. 

LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner' s 
decision of rejection] 

[Kind of final disposal of 
application other than the 
examiner' s decision of rejection or 
application converted registration] 

[Date of final disposal for 
application] 

[Patent number] 

[Date of registration] 

[Number of appeal against 
examiner' s decision of rejection] 

[Date of requesting appeal against 
examiner' s decision of rejection] 

[Date of extinction of right] 



